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METHOD FOR CONTROLLING A
TRANSFER CASE WHICH UTILIZES A
PROPORTIONAL AND AN INTEGRAL

CONTROL COMPONENT

FIELD OF THE INVENTION

This 1nvention relates to a method for controlling a
fransfer case and more particularly, to a method for control-
ling a transfer case within a four wheel drive vehicle which
provides a relatively quick and smooth torque adjustment
response by utilizing both a proportional and an integral
control component.

BACKGROUND OF THE INVENTION

Four-wheel drive vehicles typically include a transfer case
which selectively transfers torque and power from the
vehicle’s input shaft to a front and a rear driveshatt, thereby
selectively rotating the front and rear driveshafts. The trans-
fer case includes a conventional electromagnetic clutch
assembly which typically and selectively transfers torque
from a primary driveshaft (e.g., the rear driveshaft) to a
secondary driveshaft (e.g., the front driveshaft), thereby
reducing the torque provided to the primary driveshaft and
increasing the torque provided to the secondary driveshatft.
The clutch assembly 1s typically and communicatively
coupled to a controller and/or control system which deter-
mines the amount of torque that 1s to be provided to the rear
and front driveshafts (e.g., primary and secondary
driveshafts), based upon vehicle sensory data, and which
generates a control or command signal to the clutch
assembly, thereby controlling the amount of torque which 1s
provided to front and rear driveshafts.

In order to provide torque and traction to the front and rear
wheels of the vehicle and to substantially avoid relative slip
between the front and rear wheels, the transfer case control
system typically monitors and adjusts the speed of both the
front and rear driveshafts. For example and without
limitation, when the speed of the front driveshaft or front
wheels differs from the speed of the rear driveshaft or rear
wheels by and an amount or “error”, these prior systems
alter or change the value of the control or command signal
to provide more or less torque to the front and/or to the rear
driveshaft in order to substantially prevent and/or reduce the
likelihood of relative slip between the front and rear wheels.
Particularly, these prior systems typically alter the magni-
tude of the control signal based upon the difference between
the speed of the front and rear driveshafts (e.g., the “delta
shaft speed”), and typically “step up” or “step down” the
magnitude of the control signal based on whether the delta
shaft speed exceeds a slip table value.

While these types of prior systems relatively quickly
respond to and correct relative slip conditions between the
front and rear wheels 1n many situations, they suffer from
some drawbacks. One drawback associated with these prior
systems 1s that the “delta shaft speed” value may vary
significantly over relatively short periods of time, thereby
causing the value of the command signal to vary signifi-
cantly over the same period of time. This variance of the
command signal often results 1n a “rough” or “choppy” ride
and in undesirable noise and vibration harshness (“NVH”)
problems, which are experienced by the operator and/or
passengers of the vehicle.

Furthermore, these prior strategies that “step” the clutch
response by a fixed amount do not account for the degree
and duration of slip. Particularly, these strategies can lead to
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a slow response in cases of sudden, dramatic slip (such as
wheels on ice), as the controller must gradually build up a
clutch response. The constant rate can also lead to an
objectionable rhythmic pulsation when the vehicle 1s on a
consistently slippery surface (e.g., sand), as the system
constantly slips, ramps up the clutch, resolves slip, ramps
down the clutch, then slips again and repeats the process at
a consistent rate.

There 1s therefore a need for a method and an apparatus
for controlling a transfer case within a four-wheel drive
vehicle which provides a relatively quick and smooth torque
adjustment response by utilizing both a proportional and an
integral control component.

SUMMARY OF THE INVENTION

It 15 a first object of the nvention to provide a method and
an apparatus for controlling a transfer case within a four
wheel drive vehicle which overcomes at least some of the
previously delineated drawbacks of the prior systems,
devices, and/or methods.

It 1s a second object of the invention to provide a method
and an apparatus for controlling a transfer case within a
four-wheel drive vehicle which monitors relative slip
between the front and rear wheels of the vehicle and which
provides a relatively smooth and quick torque adjustment
response to and correction of relative slip situations.

It 1s a third object of the 1nvention to provide a method and
an apparatus for controlling a transfer case within a four-
wheel drive vehicle which includes a proportional control
component and an integral control component and which 1s
ciiective to substantially prevent slip between the front and

rear wheels of the vehicle 1n a manner which does not cause
undesirable NVH.

According to one aspect of the present invention a system
for controlling a transfer case 1s provided. The transfer case
1s operatively disposed within a four-wheel drive vehicle of
the type having a front driveshaft which rotates at a first
speed during a first interval of time and at a second speed
during a second 1nterval of time, and a rear driveshaft which
rotates at a third speed during the first interval of time and
at a fourth speed during the second interval of time. The
transfer case 1s adapted to selectively provide torque to the
front and the rear driveshaft. The system includes a first
sensor which measures the first speed and generates a first
signal which represents the first speed, and which measures
the second speed and generates a second signal which
represents the second speed; a second sensor which mea-
sures the third speed and generates a third signal which
represents the third speed, and which measures the fourth
speed and generates a fourth signal which represents the
fourth speed; and a controller which 1s communicatively
coupled to the transfer case and to the first sensor and the
second sensor. The controller receives the first, second, third
and fourth signals, utilizes the first signal and the third signal
to calculate a first error value, and utilizes the second signal
and the fourth signal to calculate a second error value. The
controller 1s further adapted to selectively generate an output
signal which 1s dertved based upon the first error value and
the second error value, the output signal being effective to
selectively control said torque which 1s transferred to the
front and the rear driveshaft.

According to a second aspect of the present invention, a
method for controlling a transfer case which 1s operatively

disposed within a four wheel drive vehicle of the type having
a front driveshaft rotating at a first speed and a rear drive-
shaft rotating at a second speed, 1s provided. The transfer
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case 1s adapted to selectively provide torque to the front
driveshaft and the rear driveshaft. The method includes the
steps of: calculating an error value based upon a difference
between the second speed and the first speed; calculating a
proportional value which 1s proportional to the error value;
calculating an integral value which 1s based upon the error
value and a previously calculated integral value; generating,
an output signal, the output signal having a value equal to the
proportional value plus the integral value; and selectively
transmitting the output signal to the transfer case, effective
to control the amount of torque provided to the front and the
rear driveshaft.

Further objects, features, and advantages of the invention
will become apparent from the following detailed descrip-
tion of the preferred embodiment of the mmvention and by
reference to the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a four-wheel drive
vehicle including a control system which incorporates the
teachings of the preferred embodiment of the invention and
which 1s employed on a vehicle;

FIG. 2 1s a block diagram 1llustrating the broad function-
ality of the control system shown in FIG. 1; and

FIG. 3 1s a block diagram 1llustrating the detailed opera-
tional functionality of the control system shown in FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT OF THE
INVENTION

Referring now to FIG. 1, there 1s shown a transfer case
control system or apparatus 10 made 1n accordance with the
teachings of the preferred embodiment of the mvention. As
shown, system 10 1s deployed upon a four-wheel drive
vehicle 12 having a pair of front wheels 14 which are
operatively mounted upon a front axle 16, and a pair of rear
wheels 18 which are operatively mounted upon a rear axle
20. Front axle 16 1s operatively coupled to and receives
torque and power from a front driveshaft 22 through a front
differential assembly 24, and rear axle 20 i1s operatively
coupled to and receives torque and power from a rear
driveshaft 26 through a rear differential assembly 28.

Front and rear driveshafts 22, 26 seclectively receive
torque and power from the vehicle engine 30 through the
transter case 32. Particularly, torque and/or power generated
by the engine 30 1s delivered to transfer case 32 through an
input shaft 34 which 1s coupled to the transmission system
or assembly 36. Rear driveshaft 26 1s coupled to the trans-
mission assembly 36 and continuously receives torque from
the 1nput shaft 34. Transfer case 32 includes a conventional
clectromagnetic clutch assembly 38 which selectively trans-
fers torque to the front driveshaft 22, thereby reducing the
torque supplied to the rear driveshaft 26. In the preferred
embodiment of the invention, clutch assembly 38 1s a
conventional “on-demand” type clutch assembly. It should
be appreciated that the terms “front” and “rear” are used
herein for convenience purposes only (e.g., to respectively
refer to a secondary and primary driveshaft), and in alternate
embodiments of the invention, the front and rear driveshafts
may be interchanged (e.g., the front driveshaft may act as the
primary driveshaft).

Transfer case control system 10 includes a conventional
microcontroller or controller 40 having a memory unit 42
and operating under stored program control. Controller 40 1s
clectrically, physically, and communicatively coupled to
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sensors 44, 46, 48, and to clutch assembly 38. Controller 40
receives signals generated by sensors 44—48, processes and
utilizes the received signals to determine the amount of
torque which 1s to be respectively provided to front and rear
driveshafts 22, 26, and based upon this determination,
generates a command signal to selectively activate the clutch
assembly 38, thereby selectively distributing torque to the
front driveshaft 22 from the rear driveshatt 26.

In the preferred embodiment, controller 40 1s a conven-
tional powertrain controller including one or more micro-
processors and subprocessors which cooperatively perform
the below-described calculations, subroutines and/or pro-
cesses. In the preferred embodiment, controller 40 generates
a pulse-width-modulated (“PWM?”) signal which controls
the amount of slippage between plates of the clutch assem-
bly 38, thereby controlling the amount of torque and power
which 1s transferred to front driveshaft 22 from the rear
driveshatt 26. Particularly, the duty cycle of the PWM signal
(i.c., the amount or percentage of the cycle time for which
the signal is activated or “enabled”) controls the amount of
torque which 1s being transferred to the respective drive-
shafts 22, 26. The output signal of the controller 40, which
1s communicated to the clutch assembly 38, is interchange-
ably referred to herein as a “duty cycle” output and/or as
“torque” output signal.

In the preferred embodiment of the invention, memory 42
1s a conventional memory unit including both permanent and
temporary memory, and 1s adapted to and does store at least
a portion of the operating software which directs the opera-
tion of controller 40. Moreover, memory 42 1s adapted to
selectively store other types of data or information, includ-
ing mformation associated with the operation of the pre-
ferred embodiment of the invention and/or associated his-
torical data, processing data, and/or operational data. As will
be more fully discussed below, examples of such data
include, but are not limited to, data relating to the speed of
driveshafts 22, 26, the difference 1n the speed of driveshafts
22, 26, referred to as the “delta shaft speed”, and other
engine operating data, which are used by controller 40 to
determine the amount of torque that should be provided to
driveshafts 22, 26. Memory 42 also stores various math-
ematical constant and threshold values which are selectively
utilized to calculate a control output signal, and present and
past control signal output values and other potential output
values. These values are preferably held within one or more
matrixes or database tables which are stored within memory
42. As should also be apparent to those of ordinary skill in
the art, controller 40 and memory 42 may actually comprise
several commercially available, conventional, and disparate
chips or devices, which are operatively and communica-
tively linked 1n a cooperative manner.

Sensors 44 and 46 comprise conventional and commer-
cially available sensors which respectively measure the
rotational speed of the front driveshaft 22 and the rear
driveshatt 26, and which respectively generate and commu-
nicate signals representing each of these measured speeds to
controller 40. Sensors 48 comprise conventional and com-
mercially available vehicle operating condition sensors, and
may 1nclude one or more conventional engine or vehicle
speed and/or acceleration sensors, and one or more “fault”
detection sensors, which detect faults or abnormalities 1n the
operation of engine 30 or i1n the operation of the other
components of vehicle 12.

Sensors 4448 provide data representing the above-
delineated measured values to controller 40, which utilizes
these values, in a known and conventional manner, to
oenerate a PWM signal to transfer case 32 and/or clutch
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assembly 38, thereby selectively controlling the power and
torque which 1s provided to driveshafts 22 and 26. It should
be appreciated that sensors 44—48 may include filtering
and/or processing devices or circuits (e.g., low pass, high
pass, and/or band pass filters) which filter and/or process the

measured or sensed data prior to sending the data to con-
troller 40.

To understand the general operation of system 10, refer-
ence 1s now made to flow chart 50 of FIG. 2, illustrating the
broad functionality of system 10. As shown, data 52 repre-
sents the speed of the front driveshaft 22 which 1s derived in
a known manner from the measurements taken by sensor 44.
Controller 40 processes drive shaft speed data received from
sensor 44 and uses conventional algorithms and/or equations
to determine and/or estimate the speed of the vehicle’s front
wheels 14. Data 54 represents the speed of the rear drive-
shaft 26, which 1s derived in a known manner from the
measurements taken by sensor 46 (i.c., in a manner substan-
tially identical to that described with respect to data 52) and
1s used to determine the speed of the vehicle’s rear wheels
18. Data 56 represents other vehicle operating data which 1s
measured and/or processed by sensors 48.

As 1llustrated 1n block 58, the controller 40 receives and
utilizes the data 52-56 to calculate and/or create a slip
control signal. As described more fully and completely
below, the slip control signal which 1s transmitted 1s the
larger of a proportional and integral (“PI”) signal value and
a “front boost” signal. The PI signal y(k) is calculated by use
of the following equation:

y(R)=Y,(K)+Y (k) (Eq. 1)

where k represents the current iteration of the calculation,
Y (k) 1s the “integral” term or component, and Y (k) 1s the
“proportional” term or component. The integral term 1is
derived by use of the following equation:

Y(k)=Y,(k-DHT*K;]*e(k) (Eq. 2)

where T represents the time interval between iterations of
the calculation, K. 1s equal to an integral gain constant, and
e(k) 1s equal to the delta shaft speed (i.e., the difference
between the speed of the rear driveshatt 26 and the speed of
the front driveshaft 22) minus an “allowable slip” factor. The
proportional term 1s calculated by use of the following
equation:

Y, (k)=K,, *e(k) (Eq. 3)

where Kp 1s equal to a proportional gain constant. Controller
40 sclectively determines the “front boost” signal value by
use of a matrix or index table stored within memory 42. As
shown 1n functional block or step 60, controller 40 transmits
the slip control signal (i.e., the larger of the PI signal or the
“front boost” signal) to the transfer case 32, thereby selec-
tively controlling the amount of torque which 1s supplied to
the front driveshaft 22 and the rear driveshaft 26.

To more fully understand the operational functionality of
the preferred embodiment of system 10, reference 1s now
made to the operational flow diagram or “flow chart” 70 of
FIG. 3. As shown 1n functional block or step 72, controller
40 receives and processes the shaft speed data 52, 54 and
determines the speeds of the front driveshaft 22 and/or
wheels 14 and the rear driveshaft 26 and/or wheels 18.
Controller 40 next calculates the “delta shaft speed” by
subtracting the speed of the front driveshaft 22 (“front shaft
speed”) from the speed of the rear driveshaft 26 (“rear shaft
speed”), as illustrated in functional block or step 74.
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In functional block or step 76, the controller determines
whether the front shaft speed exceeds the rear shaft speed by
an amount or margin greater than a predetermined value
which 1s stored within a “slip table” or matrix held within
memory 42. The table or matrix includes a plurality of “slip
margin” values (e.g., speed values) which each correspond
to a particular front shaft speed value or range of values, and
which each represent an amount of relative slip which 1s
considered “allowable” at a particular speed or range of
speeds. The current front shaft speed 1s used to “index” or
“reference” the matrix or database table, thereby providing
a corresponding “slip margin” or speed value. If the front
shaft speed exceeds the rear shaft speed by an amount
orcater than the indexed or referenced slip margin, controller
40 sets the “front boost” signal or duty cycle value equal to
zero and proceeds to functional block or step 80.

Alternatively, controller 40 determines the “front boost™
signal or duty cycle value and a “front boost” signal duration
value, as illustrated in functional block or step 78. The “front
boost” signal value and duration 1s determined or selected by
use of a matrix or database table substantially similar to the
matrix or database table previously described in step 76.
Particularly, the matrix includes a plurality of “front boost™
signal values (e.g., duty cycle percentage values) and dura-
tion values (e.g., time periods) which correspond to a
particular front shaft speed value or range of values. In one
non-limiting embodiment, the “front boost” signal 1s equal
to a single predetermined value. Once a “front boost” signal
value and a duration value have been selected, controller 40
proceeds to functional block or step 80.

In step 80, controller 40 calculates the error signal e(k) by
subtracting an “allowable” slip factor or margin from the
delta shaft speed. In this calculation, the “allowable” slip
factor or margin 1s selected by way of a rear slip table or
matrix which includes a plurality of “allowable slip” values
(e.g., speed values) which each correspond to a particular
rear shaft speed value or range of values, and which each
represent an amount of relative slip which 1s considered to
be “allowable™ at a particular speed or range of speeds. The
current rear shaft speed 1s used to “index”™ or “reference” the
matrix or database table, thereby providing a corresponding
“allowable slip” value. In one non-limiting embodiment,
system 10 1s adapted to sense, in a known manner, whether
a “spare tire” 1s being used on vehicle 12 or if the wheels 14,
18 have differing effective diameters. If such a condition 1s
sensed, controller 40 increases the “allowable slip” value by
an oifset factor or value, thereby compensating for the
differing effective diameters of wheels 14, 18.

Once the error signal e(k) i1s calculated, controller 40
proceeds to functional block or step 82, and selects a value
for the proportional gain constant K . In the preferred
embodiment of the 1nvention, K is set or made equal to a
“down” gain value “K,, DN if ¢(k) is less than zero, which
indicates that the torque provided to the front driveshaft 22
should be reduced, and 1s set or made equal to a “up” gain
value “K,,__UP” if e(k) is greater than zero, which indicates
the torque provided to front driveshaft 22 should be
increased. By selectively using two separate proportional
gain constant values K, UP and K, DN, system 10 1s able
to substantially reduce NVH problems without compromis-
Ing response time of the system.

In functional block or step 84, controller 40 elects or
determines a value for the integral gain constant K.. The
integral gain constant K. 1s determined by calculating the
vehicle’s speed, by use of the slower of the front or rear shaft
speed value, and by calculating the integral term Y (k) by
use of Equation 2 and substituting the previously selected K.
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value into the equation. The integral term Y4k) is then
compared to an integrator threshold value Y, Switch, and
the vehicle speed 1s compared to a speed threshold value
V__K. Switch. The value of Ki 1s then determined and/or
selected as follows:

K=K, UP_ H when e(k)>0 and Y (k)>Y, Switch;

K=K. UP_ L when e(k)>0 and Y(K)=Y, Switch;

K=K, DN_Fast H when e(k)<0 and Y (k)>Y, Switch
and vehicle speed=V__K. Switch;

K.=K. DN_ Fast [ whene(k)<0and YA(k)=Y, Switch
and vehicle speed=V__K. Switch; and

K =K. DN_ Slow when e(k)<0 and vehicle speed>V__
K. Switch.

In the preferred embodiment of the mmvention, the values
of Y, Switch, V_K. Switch, K. UP_H, K. UP_L,
K. DN_Fast H, K. DN_Fast I., and K, DN_ Slow
are cach calibratable and are established through data that 1s
acquired from testing the type of vehicle and/or transfer case
which 1s being controlled. It should be appreciated that by
utilizing the vehicle’s speed when determining the value of
K,, system 10 considers or accounts for the fact that the
vehicle’s speed 1s a parameter of system binding, thereby
minimizing the amount of binding within system 10.

Once the values of constant terms K; and K, have been
selected, the PI control signal y(k) value 1s calculated by use
of Equation 1, as illustrated in functional block or step 86.
In the preferred embodiment of the mnvention, controller 40
“limits” or controls the respective contributions of the
integral term or component Y (k) and the proportional term
or component Y (k). Specifically, the integral term Y (k) is
limited to a range of values between a maximum value
Y; max and a minimum value Y; min (e.g., if Y/(k)
exceeds Y, max, Y, (k) is set equal to Y, max, and if Y (k)
is less than Y, min, Y(k) is set equal to Y, min), and the
proportional term Y, (k) 1s limited to a range of values
between a maximum value Y, max and a minimum value
Y, min (e.g., if Y (K) exceeds Y, max, Y (k) is set equal
to Y, max, and 1if Y (k) is less than Y, min, Y (K) is sct
equal to Y_min). In one non-limiting embodiment, the
calculated PI control signal value Y(k) is additionally lim-
ited to a range of values between a maximum value Y__max
and a minimum value Y__min.

In functional block or step 88, controller 40 compares the
PI control signal value to the “front boost” signal value. If
the PI control signal value i1s greater than the “front boost”
signal value, controller 40 transmits the PI control signal to
the transfer case 32, as illustrated in functional block or step
90. Otherwise, the controller 40 transmits the “front boost”
signal to the transfer case 32. The controller 40 then returns
to functional block or step 72 and repeats the above-
described procedure.

It should be appreciated that the foregoing system pro-
vides significant advantages over prior systems. For
example and without limitation, the front boost strategy of
the present system minimizes clutch torque during a “front
overrun’ sltuation, thereby adequately controlling engine
braking while minimizing the steering effect of a blown or
low tire. Alternate approaches react to slip in a generally
equal fashion, whether the slip 1s caused by the rear wheels
spinning due to excess power or skidding due engine brak-
ing. While a high amount of clutch activation (e.g., duty
cycle) may be needed to control spin due to excess power,
engine braking requires relatively little clutch torque to
control. The “front boost” strategy of the present mvention
bypasses the normal PI control to supply only a limited,
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fixed amount of clutch 1n cases where the rear wheels move
slower than the front (by the amount in the front slip table
or more). This is an important benefit in the case of a blown
or very low pressure front tire, as clutch torque can exert an
undesired steering effect, and the lower clutch torque pro-
vided by the present mvention minimizes this effect.

Furthermore, the use of the Y, max value and the other
limiting values, prevent certain values from dominating the
PI equations. Traditional PI systems and/or equations allow
Y; and Y, terms to increase and decrease without bound-
aries. However, as certain severe circumstances could allow
the clutch to slip for substantial periods of time before the
slip 1s resolved, the possibility exists for the Y, term to
become unreasonably high, requiring an extended period of
non-slip before 1t 1s restored to a low level. During this
period the vehicle would undesirably bind 1n turns 1f driven
on dry pavement. The Iimit Y, max prevents this domina-
tion and allows a quick return to the desired control state.
Moreover, the mmimum limit on Y, or Y, min provides
similar benefits. Setting the Y , to zero requires the Y; portion
of the equation to “bleed off” the clutch by itself when slip
is resolved, as there 1s no negative Y, term 1 the Y=Y +Y
equation to assist it. This prevents, if necessary, the Y,
portion of the equation from suddenly dominating the Y,
term and “turning off” the clutch after slip 1s resolved, which
might cause the system to frequently pulse as 1t resolves slip
then quickly pulls away control.

The “gain switching” strategy of the present invention
optimizes the response to certain vehicle conditions. Tradi-
tional PI equations use fixed gains for K; and K . The present
system, however, allows switching of the K; and K, gains
based on parameters both internal to the equation and from
external inputs, thereby customizing the response to the
specific system being controlled and the immediate condi-
tions. For example, the different K. UP and K, DN gains
allows the system to turn the clutch on quickly to control slip
rapidly, yet bleed 1t off more slowly to prevent a sudden
re-occurrence of slip and the pulsations that might accom-
pany 1it. Similarly, the switching based on the current Y,
value allows the present system to quickly move through
regions of clutch duty cycle values that are known to have
undesirable effects. For example, the system might be
adjusted to quickly transition through the 20-30% range of
clutch duty cycles 1f the clutch system tends to cause
vibration 1f held too long 1n that range.

It should be further appreciated that in alternate
embodiments, the above-described functional steps may be
performed 1n a different order or procedure, and may include
other additional control and/or slip prevention subroutines
and/or procedures which are used 1n conjunction with the
functional steps described herein. For example and without
limitation, 1n alternate embodiments, controller 40 “consid-
ers” or “factors 1n” throttle position when determining duty
cycle values. Switching based upon throttle position allows
the system to reduce the clutch more quickly .in cases where
a driver 1s likely to go 1nto a turn and notice “bind-up” if the
vehicle 1s on dry pavement.

It 1s understood that the various inventions are not limited
to the exact construction illustrated and described above, but
that these previously delineated inventions may be varied
without departing from the scope of the inventions as
described 1n the following claims.

What 1s claimed 1s:

1. A system for controlling a transfer case which 1s
operatively disposed within a four-wheel drive vehicle of the
type having a front driveshaft which rotates at a first speed

during a first interval of time and at a second speed during
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a second interval of time, and a rear driveshaft which rotates
at a third speed during said first iterval of time and at a
fourth speed during said second interval of time, said
transfer case being adapted to selectively provide torque to
said front and said rear driveshaft, said system comprising:

a first sensor which measures said first speed and gener-
ates a first signal which represents said first speed, and
which measures said second speed and generates a
second signal which represents said second speed;

a second sensor which measures said third speed and
generates a third signal which represents said third
speed, and which measures said fourth speed and
generates a fourth signal which represents said fourth
speed; and

a controller which 1s communicatively coupled to said
transier case and to said first sensor and to said second
sensor, which receives said first, second, third and
fourth signals, which utilizes said first signal and said
third signal to calculate a first error value, and which
utilizes said second signal and said fourth signal to
calculate a second error value, said controller being
further adapted to selectively generate an output signal
which 1s derived based upon said first error value and
said second error value, said output signal being etfec-
five to selectively control said torque which 1s trans-
ferred to said front and said rear driveshaft;

wherein said first interval of time occurs after said second
interval of time and wherein said first error value 1s
equal to said third speed minus said first speed and a
first allowable slip value and said second error value 1s
equal to said fourth speed minus said second speed and
a second allowable slip value.

2. The system of claim 1 wherein said controller multi-
plies said first error value by a proportional gain constant
when deriving said output signal.

3. The system of claim 2 wherein said controller 1s further
adapted to set said proportional gain constant to a first
constant value when said first error value 1s greater than zero
and to a second constant value when said first error value 1s
less than zero.

4. The system of claim 1 wherein said controller multi-
plies said first error value by an integral gain constant when
deriving said output signal.

5. The system of claim 4 wherein said controller 1s further
adapted to set said mntegral gain constant to a third constant

value when said first error value 1s greater than zero and to
a fourth constant value when said first error value 1s less than
ZETO.

6. The apparatus of claim 1 wherein said controller is
further adapted to limit said output signal to a first prede-
termined range of values.

7. A system for controlling a transfer case which 1s
operatively disposed within a four-wheel drive vehicle of the
type having a front driveshaft which rotates at a first speed
during a first interval of time and at a second speed during
a second 1nterval of time, and a rear driveshaft which rotates
at a third speed during said first interval of time and at a
fourth speed during said second interval of time, said
transfer case being adapted to selectively provide torque to
said front and said rear driveshaft, said system comprising:

a 1irst sensor which measures said first speed and gener-
ates a first signal which represents said first speed, and
which measures said second speed and generates a
second signal which represents said second speed;

a second sensor which measures said third speed and
generates a third signal which represents said third
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speed, and which measures said fourth speed and
generates a fourth signal which represents said fourth
speed; and

a controller which 1s communicatively coupled to said
transfer case and to said first sensor and to said second
sensor, which receives said first, second, third and
fourth signals, which utilizes said first signal and said
third signal to calculate a first error value, and which
utilizes said second signal and said fourth signal to
calculate a second error value, said controller being
further adapted to selectively generate an output signal
which 1s derived based upon said first error value and
said second error value, said output signal being effec-
tive to selectively control said torque which 1s trans-
ferred to said front and said rear driveshaft;

wherein said controller 1s further effective to compare said
output signal to a front boost signal and to use the larger
of said output signal and said front boost signal to
selectively control said torque.

8. A method for controlling a transfer case which 1s
operatively disposed within a four wheel drive vehicle of the
type having a front driveshatt rotating at a first speed and a
rear driveshaft rotating at a second speed, said transfer case
being adapted to selectively provide torque to said front
driveshaft and said rear driveshaft, said method comprising
the steps of:

calculating an error value based upon a difference
between said second speed and said first speed minus a
slip table value;

calculating a proportional value which 1s proportional to
said error value by multiplying said error value by a
proportional gain constant;

calculating an integral value which 1s based upon said
error value and a previously calculated integral value;

generating an output signal, said output signal having a
value equal to said proportional value plus said integral
value; and

selectively transmitting said output signal to said transfer
case, elfective to control the amount of torque provided
to said front and said rear driveshaft;

wherein said proportional gain constant 1s equal to a first
proportional gain constant value when said error value
1s less than zero and 1s equal to a second proportional
gain constant value when said error value 1s greater
than zero.

9. The method of claim 8 wherein said mtegral value 1s
calculated by use of a mtegral gain constant.

10. The method of claim 9 wherein said integral gain
constant 1s set equal to a value which 1s based upon the
slower of said first and said second speed, and the error
signal value.

11. The method of claim 8 further comprising the steps of:

determining 1f said second speed exceeds said first speed
by an allowable front slip value;

calculating a front boost signal i1f said second speed
exceeds said first speed by said allowable front slip
value;

determining whether said front boost signal has a value
which 1s greater than said value of said output signal;
and

transmitting only the larger of said output signal value and
said front boost signal value to said transfer case.
12. The method of claim 9 wherein said front boost signal
value 1s determined based upon said first speed.
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